The molecular epidemiology of 545 Salmonella enterica serovar Typhimurium isolates collected between 1977 and 2009 from cattle in Hokkaido, Japan, was investigated using pulsed-field gel electrophoresis (PFGE). Nine main clusters were identified from 116 PFGE patterns. Cluster I comprised 248 isolates, 243 of which possessed a sequence specific to definitive phage type 104 (DT104) or U302. The cluster I isolates were dominant in 1993 to 2003, but their numbers declined beginning in 2004. Beginning in 2002, an increase was observed in the number of cluster VII isolates, consisting of 21 PFGE patterns comprising 165 isolates. A total of 116 isolates representative of the 116 PFGE profiles were analyzed by multilocus variable-number tandem-repeat analysis (MLVA). Other than two drug-sensitive isolates, 19 isolates within cluster VII were classified in the same cluster by MLVA. Among the cluster VII isolates, an antibiotic resistance type showing resistance to ampicillin, chloramphenicol, streptomycin, sulfonamides, tetracycline, kanamycin, cefazolin, and sulfamethoxazole-trimethoprim and a resistance type showing resistance to ampicillin, streptomycin, sulfonamides, tetracycline, and kanamycin were found in 23 and 125 isolates, respectively. In the 19 isolates representative of cluster VII, the bla TEM-1 gene was found on a Salmonella serotype Typhimurium virulence plasmid, which was transferred to Escherichia coli by electroporation along with resistance to two to four other antimicrobials. Genomic analysis by subtractive hybridization and plasmid analysis suggested that the bla TEM-1 -carrying virulence plasmid has a mosaic structure composed of elements of different origin. These results indicate an emerging multidrug-resistant S. Typhimurium clone carrying a virulence-resistance plasmid among cattle in Hokkaido, Japan.
Salmonella enterica serovar Typhimurium is a common cause of salmonellosis in humans and animals. Detailed characterization of this bacterium is necessary for studying the epidemiology of outbreaks and determining the source of contamination to avoid recurrence. Phage typing is a commonly used method for epidemiological surveillance of S. Typhimurium infection (2) , but it requires special reagents and a specialized laboratory and fails to reflect the evolutionary relationships of bacterial strains. Over the last decade, new techniques in molecular biology have been developed, and new approaches have become available. Pulsed-field gel electrophoresis (PFGE) is now the gold standard for discriminating among strains at the DNA level (32) . However, multiple-locus variable-number tandem-repeat analysis (MLVA), based on amplification of a variable number of tandem repeat areas, is considered to have greater discriminatory power than PFGE and has been proposed as an alternative for genotyping highly clonal groups of bacteria (18, 19) . Molecular subtyping of S. Typhimurium isolates by standard procedures and development of a DNA fingerprinting database of these isolates would assist in identifying Salmonella epidemics and would enable monitoring of changes in epidemic patterns. Therefore, a sensitive surveillance system based on a molecular subtyping technique such as PFGE or MLVA is needed for early detection of such epidemics. PulseNet, a national molecular subtyping network for surveillance of food-borne diseases, is a successful example (32) .
S. enterica epidemics often involve rapid dissemination of the predominant epidemic strains over a large geographic area. For example, definitive phage type 104 (DT104) has emerged and has spread to many countries. DT104 was first detected in the United Kingdom and emerged nearly simultaneously in North America, Europe, and Asia (4, 11, 28, 36, 37) . The organism has a core pattern of resistance to ampicillin, chloramphenicol, streptomycin, sulfonamides, and tetracycline (6, 26) ; this resistance is encoded by a chromosomally located locus containing class 1 integron structures (3, 23, 29) . In 1992, we observed an apparent increase in the incidence of bovine salmonellosis, particularly in adult cattle, caused by S. Typhimurium in Hokkaido, the northern island of Japan, where dairy farming is one of the main agro-industries (34) . Historic 
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on July 7, 2017 by guest http://aem.asm.org/ surveillance data showed that the incidence was stable until 1991 but increased over the next 3 years, with cases stabilizing or declining after 1995 (34) . Although the reasons for these trends are unclear, previous studies using PFGE have revealed an increased frequency of bovine DT104 isolates in Hokkaido since 1992 (27, 34) .
In the present study, we investigated the molecular epidemiology of 545 S. Typhimurium isolates collected between 1977 and 2009 from cattle in Hokkaido using PFGE. We found that a non-DT104 multidrug-resistant clone has disseminated among cattle in this region since 2002. We also performed genome analysis for a detailed study of the disseminated clone by genomic subtractive hybridization and characterization of multidrug-resistance plasmids.
MATERIALS AND METHODS
Bacterial strains. The 545 S. Typhimurium strains were isolated from diseased cattle by the staff of local Animal Hygiene Centers over the period of 1977 to 2009 in Hokkaido, Japan.
DNA isolation. The strains were grown aerobically at 37°C on Luria-Bertani (LB) agar plates. A generous loopful of each culture was suspended in 400 l of distilled water. For DNA extraction, the cell suspensions were boiled for 5 min and then immediately cooled on ice for 5 min and centrifuged (13,000 ϫ g for 5 min) at 4°C; the supernatant was used as the DNA template for PCR. Total genomic DNA for subtractive hybridization was isolated from cells scraped from the LB agar plates. The harvested cells were suspended in 0.2 ml of a solution of 150 mM NaCl, 1 mM EDTA, and 10 mM Tris-hydrochloride at pH 8.0. After lysis with sodium dodecyl sulfate (1.0% final concentration), RNase A was added (final concentration, 48 g ml Ϫ1 ), and the mixture was incubated at 37°C for 30 min to degrade the cellular RNA. The released nucleic acid was deproteinated by adding proteinase K (final concentration, 200 g ml
Ϫ1
) and then incubated at 55°C for 30 min. The DNA was further purified by extraction with phenolchloroform-isoamyl alcohol, followed by two extractions with chloroformisoamyl alcohol. The nucleic acid was recovered by precipitation with ethanol, dried, and dissolved in 100 to 200 l of 10 mM Tris-hydrochloride and 1 mM EDTA at pH 8.0. The plasmid DNA was isolated using the alkaline lysis method described previously (34) . Plasmid sizes were estimated relative to a BACTracker Supercoiled DNA Ladder (Epicentre Biotechnologies, Madison, WI).
Plasmid transformation. Plasmid DNA was used to transform Escherichia coli DH5␣ cells (Takara Co. Ltd., Kyoto, Japan) by electroporation (at 1.25 kV, 100 ⍀, and 25 F). The cells were plated on LB agar plates containing 50 g ml Ϫ1 ampicillin or 30 g ml Ϫ1 cefazolin. The transformants were then collected, and their plasmid and antimicrobial susceptibility profiles were examined. Antimicrobial susceptibility testing. The susceptibility of the isolates to antimicrobial agents was determined by the disk diffusion test on Mueller-Hinton agar (Difco, Detroit, MI) according to the standards and interpretive criteria of the National Committee for Clinical Laboratory Standards (22) . The following antibiotic disks were used (Becton Dickinson Microbiology Systems, Cockeysville, MD): ampicillin (10 g), chloramphenicol (30 g), streptomycin (10 g), sulfonamides (250 g), tetracycline (30 g), kanamycin (30 g), sulfamethoxazole-trimethoprim (23.75 and 1.25 g, respectively), cefazolin (30 g), ceftazidime (30 g), cefotaxime (30 g), nalidixic acid (30 g), gentamicin (10 g), and ciprofloxacin (5 g). The reference strains used were E. coli ATCC 25922 and Staphylococcus aureus ATCC 29213.
PCR amplification. PCR was used to amplify the antimicrobial resistance genes (bla TEM-1 , bla CMY-2 , and floR), integrase (intI), class 1 integrons, and Salmonella virulence plasmid genes (repFIIA, spvA, spvB, spvC, traT, rck, and pefA) using published primer sequences (5, 13, 17, 25, 31, 33) . PCR amplification of an internal segment of the 16S-23S spacer region of bacterial rRNA genes was used to identify DT104, as previously described (24) . The primer sets shown in Table S1 in the supplemental material were designed to detect four DNA fragments (SN-11, PU302L-2, ST104-1, and ST64B-1) selected from a subtractive hybridization library (see Table S2 ). Oligonucleotide primers were synthesized by Greiner Bio-One (Tokyo, Japan). The genes or sequences tested, respective primers, and expected amplicon sizes are listed in Table S1 . Standard PCR was carried out in a 50-l mixture containing 1ϫ PCR buffer with 0.2 mM MgCl 2 , 2.5 U of AmpliTaq Gold DNA polymerase (Applied Biosystems, Inc., Foster City, CA), 0.2 mM deoxynucleotide triphosphates, 0.5 M primers, and 50 ng of genomic DNA. PCR amplification was performed with an initial denaturation cycle at 95°C for 5 min, followed by 30 cycles each of 30 s of denaturation at 94°C and 30 s of annealing at 55°C, with 1 min of extension at 72°C. Incubation for 3 min at 72°C followed to complete the extension. PFGE. PFGE was performed using a CHEF DR-II apparatus (Bio-Rad Laboratories, Hercules, CA) following the standard protocol of PulseNet with the restriction enzyme XbaI (Takara) (32) . XbaI-digested DNA from S. enterica serovar Braenderup H9812 was used as a molecular reference marker. Image normalization and construction of similarity matrices were carried out using BioNumerics, version 5.1 (Applied Maths, Sint-Martens-Latem, Belgium). Bands were assigned manually, and dendrograms were generated using the unweighted pair group method with arithmetic mean (UPGMA) based on the Dice similarity index, utilizing an optimization parameter of 1% band position tolerance. A profile that differed by at least one clear band was considered a distinct profile.
MLVA. MLVA was performed using the primers (STTR3-F, STTR3-R, STTR5-F, STTR5-R, STTR6-F, STTR6-R, STTR9-F, STTR9-R, STTR10pl-F, and STTR10pl-R) for amplification of five loci described previously (18, 19 ) (see Table S1 in the supplemental material). PCR was carried out as described in the preceding section. To confirm the number of tandem repeats, the PCR product was sequenced. The amplified product was purified with QIAquick PCR purification columns (Qiagen, Hilden, Germany) and sequenced in both directions using the same primers employed in the PCR. DNA sequencing was performed with an automated DNA sequencer (ABI 3130; Applied Biosystems) using an ABI Prism BigDye Terminator, version 3.1, Cycle Sequencing Kit (Applied Biosystems) according to the manufacturer's instructions. The number of tandem repeats at each locus was manually determined using Genetyx, version 10.0 (Genetyx, Tokyo, Japan). The motif copy numbers in the tandem array were imported into the BioNumerics software, and a minimum-spanning tree was generated using the categorical coefficient of the software.
Subtractive hybridization. Genomic DNA was extracted from S. Typhimurium KT262 (tester) and strain LT2 (driver) as described in the previous sections. Subtractive hybridization was carried out using a PCR-Select Bacterial Genome Subtraction Kit (BD Clontech, Palo Alto, CA) following the manufacturer's instructions. The PCR products obtained from the subtraction procedure were ligated into the pCRII vector using a TA Cloning Kit (Invitrogen Corp., San Diego, CA). The subtractive hybridization library was constructed by transforming the ligation mixture to E. coli DH5␣ cells with ampicillin (50 g ml
) and 5-bromo-4-chloro-3-indolyl-D-galactopyranoside (X-Gal) selection and screening on LB agar plates. Individual colonies were collected and grown overnight at 37°C in LB broth with ampicillin (50 g ml Ϫ1 ) selection. The plasmid DNA was isolated using methods described previously (27) . The cloned PCR products were sequenced by using M13 forward and reverse primers.
Southern hybridization analysis. The PCR products of bla TEM-1 , bla CMY-2 , and spvC were purified using a QIAquick Gel Extraction Kit (Qiagen) and labeled with digoxigenin (DIG)-11-dUTP by random priming using a DIG High Prime Labeling Kit (Roche Diagnostics Co., Indianapolis, IN) following the manufacturer's instructions. Plasmid DNA was separated on an 0.8% (wt/vol) agarose gel and transferred to a positive membrane (Roche) by the capillary method. Prehybridization (Ͼ30 min) and hybridization (Ͼ16 h) with Easy Hyb solution (Roche) under high-stringency conditions and DIG detection of hybrids were carried out using a DIG Luminescent Detection Kit (Roche) following the manufacturer's instructions. Hyper MP film (GE Healthcare Limited, Buckinghamshire, United Kingdom) was exposed to the membranes for 1 to 10 min at room temperature in an X-ray film processor (Fuji Film Co., Tokyo, Japan).
Nucleotide sequence accession numbers. The nucleotide sequences of the 25 S. Typhimurium KT262 fragments listed in Table S2 in the supplemental material have been submitted to the GenBank under accession numbers AB458414 to AB458443. in Hokkaido, Japan, was carried out by PFGE analysis and MLVA. In the 33-year history of endemic Salmonella infection in this area, S. Typhimurium has become the major serovar causing bovine salmonellosis. We observed 116 PFGE patterns among the 545 isolates after digestion of the DNA with XbaI. To analyze the clonal relationships among the isolates according to the XbaI PFGE patterns, a dendrogram was generated using UPGMA algorithms with Dice coefficients (Fig. 1) . Nine distinct clusters (I to IX) with greater than 74% similarity were designated, five of which were major clonal groups (I, II, IV, VI, and VII) (Fig. 1) . Cluster I consisted of 21 patterns comprising 248 isolates. Profile I-1 was found in 205 (83%) of these isolates. The cluster I isolates were detected in isolates collected since 1986. From 1993 to 2003, cluster I was the dominant cluster in terms of the number of isolates, but the numbers declined after 2003 (Table 1) . Thirty-seven isolates belonging to cluster II were associated with 17 PFGE patterns. Cluster IV was composed of 21 PFGE patterns, accounting for 36 isolates. Cluster VI included 31 isolates with 16 PFGE patterns. Clusters IV and/or VI were the dominant clusters from 1985 to 1992, just before cluster I became prevalent. Cluster VII consisted of 21 PFGE patterns with 165 isolates. Profile VII-2 was found in 46 (28%), VII-6 in 22 (13%), VII-13 in 39 (24%), VII-19 in 10 (6.0%), and the remaining profiles in 48 (29%) of these isolates. The cluster VII isolates became more prevalent after 2001 (Table 1) . Clusters III, V, VIII, and IX were minor clusters, consisting of 2, 11, 6, and 1 pattern(s) of 2, 12, 13, and 1 isolate(s), respectively.
Representative isolates of the 116 PFGE patterns were subjected to MLVA based on five variable tandem repeat (VNTR) loci and were distinguished into 68 MLVA profiles (Fig. 2) . The MLVA profiles were used for categorical clustering in BioNumerics, and a minimum-spanning tree was constructed (Fig. 2) . MLVA clustering was achieved if neighbors differed in no more than one of the five VNTR loci. As shown in Fig. 2 , the MLVA profiles were classified into four main clusters (A, B, C, and D). Eighteen of the 21 isolates belonging to PFGE cluster I were classified into MLVA cluster A, and 19 of the 21 isolates belonging to PFGE cluster VII were assigned to MLVA cluster D.
Antimicrobial susceptibility. Forty-one of the 545 studied isolates were susceptible to all of the tested antimicrobials. A total of 423 isolates (78%) exhibited resistance to at least five of the tested antimicrobials. The disk diffusion tests showed that 483 isolates (89%) had resistance phenotypes to two or more agents. The bovine isolates displayed resistance most often to sulfonamides (90%), tetracycline (84%), streptomycin (83%), ampicillin (81%), and chloramphenicol (55%) and to a lesser extent to kanamycin (36%), sulfamethoxazole-trimethoprim (5.5%), cefazolin (5.3%), nalidixic acid (3.7%), and gentamicin (0.2%). No isolate was resistant to ciprofloxacin. Forty-three distinct antimicrobial resistance patterns were observed among the 545 isolates ( Table 2 ). The majority of the PFGE cluster I isolates (91%) exhibited resistance to ampicillin, chloramphenicol, streptomycin, sulfonamides, and tetracycline, which is the typically observed DT104 pentaresistance pattern.
A total of 162 of the 165 isolates from cluster VII showed ampicillin resistance, and 26 isolates showed cefazolin resistance. Among the cluster VII isolates, an antibiotic resistance type showing resistance to ampicillin, chloramphenicol, streptomycin, sulfonamides, tetracycline, kanamycin, cefazolin, and sulfamethoxazole-trimethoprim and a resistance type showing resistance to ampicillin, streptomycin, sulfonamides, tetracycline, and kanamycin were found in 23 and 125 isolates, respectively. Three isolates with PFGE profiles VII-17 and VII-21 were sensitive to all of the antibiotics and did not belong to MLVA cluster D. Only two isolates resistant to cefazolin were collected before 2000, and an increased occurrence of cefazolin-resistant isolates was noted after 2000. Therefore, these results indicate the presence of a novel multidrug-resistant clone of S. Typhimurium among cattle in Hokkaido, Japan.
PCR detection of common genes in DT104. To investigate the genetic backgrounds of the isolates, the 545 isolates were tested using PCR for the presence of the integron marker gene intI and the florfenicol resistance gene floR, both of which are commonly associated with DT104 (5), and a sequence of the 16S-23S spacer region, which is specific to DT104 and its closely related phage type, U302 (Table 3) . PCR was also conducted for the sequence of the chromosomal virulence genes invA (33) and spvC (14) , which are encoded on the 94.7-kb serovar-specific virulence plasmid. Of the 248 isolates belonging to PFGE cluster I, 243 (98%) possessed the sequence of the 16S-23S spacer region of DT104 (Table 3 ). This sequence was not detected in the isolates belonging to the other PFGE clusters. A total of 227 of the 248 isolates (92%) belonging to cluster I and 26 of the 165 isolates (16%) belonging to cluster VII showed the presence of floR, whereas this gene was not detected in the isolates of the other clusters ( Table 3 ). The intI gene was found in 98% (244/248), 61% (22/36), and 97% (160/165) of the cluster I, IV, and VII isolates (Table 3) , respectively. Of the 96 isolates assigned to the other clusters, only five contained the intI gene. Taken together, these results suggest that almost all of the cluster I isolates are related to DT104. In fact, two of the cluster I isolates submitted for phage typing were assigned as DT104.
Subtraction of the genomic DNA of the KT262 isolate (profile VII-6) with DNA from the LT2 strain. Beginning in 2002, we observed an increase in bovine-origin S. Typhimurium isolates that were classified as PFGE cluster VII. Almost all of these isolates showed multidrug resistance and were assigned to the same cluster by MLVA. To identify and characterize the specific sequences of these isolates, genomic subtractive hybridization was performed. We selected a representative isolate (KT262) from isolates showing cefazolin resistance (PFGE profile VII-6) as a tester and used the LT2 strain as a driver. The subtractive hybridization library resulted in 88 different DNA fragments, 25 of which were not found in the S. Typhimurium LT2 genome using BLASTN analysis (see Table S2 in the supplemental material). After BLASTN analysis through GenBank, these 25 fragments were divided into five groups showing sequence similarity to either the S. enterica serovar Newport SL254 plasmid pSN254 (n ϭ 14), S. Typhimurium plasmid pU302L (n ϭ 4), S. Typhimurium DT104 bacteriophage ST104 (n ϭ 2), S. Typhimurium DT64 bacteriophage STB64B (n ϭ 3), or avian pathogenic E. coli (APEC) strain O1 (n ϭ 2) (see Table S2 ). The presence of four DNA fragments (SN-11, PU302-2, ST104-1, and ST64B-1) showing high sequence similarities to portions of pSN254 (38) , pU302L (7), ST104 (35) , and STB64 (21), respectively, was tested in 29 isolates, including 21 representative isolates of the 21 PFGE profiles assigned to cluster VII by PCR. Fragments SN-11 and PU302L-2 were present in almost all of the representative isolates of cluster VII but were absent in those of the other clusters ( Table 4) . Characterization of multidrug resistance plasmids from isolates belonging to PFGE cluster VII. Plasmids pSN254 and pU302L harbor the ␤-lactamase genes bla CMY-2 and bla TEM-1 , respectively (7, 38) . All but three isolates grouped into cluster VII contained the bla TEM-1 gene, and 26 isolates contained bla CMY-2 (Table 3) . Salmonella serovar Typhimurium carries a 94.7-kb Salmonella virulence plasmid (14) . Recently, serovarspecific virulence plasmids of various sizes have been found in Salmonella; some of these virulence-resistance plasmids, each encoding different resistance genes, have been detected in Salmonella isolates collected in various countries (8, 9, 12, 13, 20) . To examine the presence of virulence-resistance plasmids in cluster VII isolates, the same 29 representative isolates were examined for plasmid content and the presence and location of bla CMY-2 , bla TEM-1 , and spvC using both PCR and Southern hybridization. Twenty-one isolates grouped into cluster VII harbored plasmids ranging in size from approximately 78 kb to 130 kb (Table 4) . PCR and Southern hybridization analysis showed that the bla TEM-1 gene was present in all 19 ampicillinresistant isolates grouped into cluster VII (Table 4 ; see also Fig. S1 in the supplemental material). In 16 of these 19 isolates, the bla TEM-1 gene was carried on a 130-kb or 110-kb plasmid on which virulence gene spvC was located. The 97-kb plasmid DNA isolated from NST110, which showed resistance to ampicillin, tetracycline, and kanamycin, also harbored both bla TEM-1 and spvC. The 120-and 95-kb plasmids isolated from TST233 and O7IB1, respectively, carried bla TEM-1 (Table 4 ; see also Fig. S1 ). Although PCR analysis determined that spvC was absent in these two isolates, Southern hybridization analysis showed that they carried spvC (Table 4 ; see also Fig. S1 ). This PCR failure may have resulted from a primer-hybrid mismatch due to template variation. The 19 bla TEM-1 -positive isolates of PFGE cluster VII listed in Table 4 were tested for the specific bla TEM-1 gene by sequencing the PCR amplification products. All of the PCR products from the 19 bla TEM-1 -positive isolates were 100% identical to the bla TEM-1 sequence in GenBank (GenBank accession number AM234722).
The cefotaxime-resistant isolate of TST207 harbored 110-and 120-kb plasmids on which the bla TEM-1 and bla CMY-2 genes were located, respectively (Table 4 ; see also Fig. S1 in the supplemental material). Although the 110-kb bla TEM-1 -carrying plasmid from TST207 carried spvC, this gene was not detected in the 120-kb bla CMY-2 -carrying plasmid by Southern hybridization (Table 4; KT302, TST207, and KT271 demonstrated 100% homology to bla CMY-2 (GenBank accession number Y16784). These bla TEM-1 -and bla CMY-2 -carrying plasmids were further identified as being multidrug-resistant by analyzing the antimicrobial resistance profiles of E. coli DH5␣ transformants. Transformation of plasmid DNAs isolated from the 19 cluster VII isolates into E. coli DH5␣ was carried out on a selective medium containing ampicillin or cefazolin. As expected, the transformant obtained with a large plasmid from each of the 19 isolates resulted in the isolation of ampicillinresistant E. coli containing the large plasmid (bla TEM-1 -or bla CMY-2 -carrying plasmid) (Table 5 ). However, a cefazolinresistant E. coli transformant was obtained only by transformation of the bla CMY-2 -carrying plasmid DNA (120 kb) isolated from TST207. When the resistance phenotypes of the transformants were evaluated by disk diffusion assay, all but one of the bla TEM-1 -carrying plasmid transformants demonstrated resistance to ampicillin, streptomycin, sulfonamides, tetracycline, and kanamycin ( Table 5 ). The transformant carrying a 97-kb plasmid from NST110 was resistant to ampicillin, tetracycline, and kanamycin but sensitive to streptomycin and sulfonamides (Table 5 ). On the other hand, the cefazolinresistant transformant with the bla CMY-2 -carrying plasmid was resistant to ampicillin, chloramphenicol, streptomycin, sulfonamides, and tetracycline (Table 5) .
To compare the restriction fragment length polymorphisms of the bla TEM-1 -carrying plasmids, plasmid DNA from the E. coli transformants was isolated and digested with PstI. As shown in Fig. 3 , complete identity was not observed between any of the plasmids. However, many fragments were shared among the bla TEM-1 -carrying plasmids from these transformants, suggesting that the plasmids share a highly related plasmid backbone.
When these bla (Table 5) . Almost all of the bla TEM-1 -carrying plasmids contained sequences (SN-11 and/or PU302L-2) present in two multidrug-resistant plasmids, pN254 isolated from S. enterica serovar Newport and pU302L from S. Typhimurium, suggesting a mosaic structure composed of elements of different origin (Table 5) . Therefore, the large bla TEM-1 -carrying plasmid may have been derived from genetic recombination between the 94.7-kb S. Typhimurium-specific virulence plasmid and another nonvirulence plasmid. Furthermore, by sequencing analysis, 1.0-kb class I integron conserved-segment amplicons bearing addA for streptomycin resistance were confirmed to be present in all but one of the cluster VII isolates harboring bla TEM-1 -carrying plasmids (Tables 4 and 5) , indicating a mechanism for generation of multidrug resistance. Recently, in the Pacific Northwest of the United States, an increased frequency of a novel multidrug-resistant clone of S. Typhimurium, WA-TYP035/187, with no recognized phage type, has been reported (1, 10) . Some isolates showing similar PFGE profiles to those of WA-TYP035/187 were observed among the PFGE cluster VII isolates (data not shown). Furthermore, three MLVA profiles for 13 isolates belonging to PFGE cluster VII were the same as those reported for WA-TYP035/187 (1) (see Table S3 in the supplemental material). We examined the phage type of certain isolates belonging to this cluster but found that they could not be typed (data not shown). These results suggest that an epidemic clone similar to WA-TYP035/187 disseminated among cattle in Japan.
A significant increase in the prevalence of ceftazidime-resistant isolates among WA-TYP035/187 has been observed, and the presence of bla CMY-2 -carrying plasmids in these isolates has been reported (1, 10) . The bla CMY-2 gene was identified in all 26 cefazolin-resistant isolates grouped into PFGE cluster VII; however, only four isolates were resistant to ceftazidime (data not shown). Furthermore, the bla CMY-2 -carrying plasmid was detected in only one isolate, which was resistant to cefotaxime, suggesting that this gene is located on the chromosome of most cefazolin-resistant isolates. Therefore, although the epidemic clones of multidrug-resistant S. Typhimurium in the United States and Japan appear to be similar, the proportion of isolates resistant to third-generation cephalosporins differs. In Japan, extended-spectrum ␤-lactamase-producing E. coli (30) and S. enterica serovar Senftenberg (15) have been obtained from cattle and broilers, respectively. Therapeutic use of the extended-spectrum cephalosporin ceftiofur in cattle may promote an increase in third-generation cephalosporin resistance of S. Typhimurium in Japan, as has been observed in the United States.
Conclusions. A previous study indicated that the proportion of DT104-related S. Typhimurium isolates from cattle decreased from 71.9% in the period from 1999 to 2001 to 30.8% in the period from 2002 to 2005 in Japan (16) . In agreement with this report, our results show that the proportion of PFGE cluster I isolates, including DT104 isolates, decreased from 82% in the period from 1990 to 1999 to 27% in the period from 2000 to 2009. On the other hand, we observed an increase beginning in 2002 in bovine-origin S. Typhimurium isolates of PFGE cluster VII, an emerging multidrug resistance clone carrying a virulence-resistance plasmid, suggesting that clonal replacement is occurring. The use of standardized subtyping methods such as PFGE and MLVA allows comparison of isolates from different areas, and routine and long-term epidemiological surveillance with such methods enables early recognition of epidemic Salmonella clones.
